Epidemiological studies examining the association between exposure to tap water contaminants (such as chlorination by-products) We describe in detail the tap water consumption, showering, and bathing habits of pregnant women and their male partners as assessed by a questionnaire and a 3-day water diary. We also consider a range of possibly important behaviors that may affect tap water exposure, such as location of tap water consumption, frequency of showers, and duration of baths. We examine the pattern of variation in tap water consumption over time and across individuals and compare the questionnaire data with the water diary data to evaluate the consistency between methods of data collection.
3-day water diary. We found good agreement between questionr and 3-dy water diary values for drinking water intake (Peaons r = 0.78) and for time spent showering (r = 0.68) and bathing (r = 0.78). Half of the paricipants consumed tap water on a regular basis with an overall mean * 1 standard deviation (SD) of 0. bttpq://enpnatl.niehs.nih.govldocs/1998J106p55-59shimokura/abstract.hsml
The main methodological difficulty with epidemiological studies that examine the association between tap water contaminants, including chemical and microbial agents, and disease outcomes lies in accurate assessment of individual exposure to tap water. Often, exposure to tap water is classified by the source of water (i.e., ground or surface supply), the type ofwater treatment, the concentration of the tap water contaminant at the water utility serving the participant's residence, or some combination of the three. Broad exposure definitions, which do not take into account intra-and interindividual sources of variation either in tap water concentrations of the contaminant or in individual tap water consumption, can introduce exposure misclassification and thereby distort associations between tap water exposure and adverse health outcomes (1) . In addition, recent studies have shown that exposure to volatile tap water contaminants through inhalation or dermal absorption may be equal to or greater than exposure through ingestion (2) . Thus, the assessment of showering, bathing, and swimming habits can be important when evaluating tap water exposure. This report provides information for developing exposure assessment methods for epidemiologic studies of adverse health effects associated with tap water exposure.
We describe in detail the tap water consumption, showering, and bathing habits of pregnant women and their male partners as assessed by a questionnaire and a 3-day water diary. We also consider a range of possibly important behaviors that may affect tap water exposure, such as location of tap water consumption, frequency of showers, and duration of baths. We examine the pattern of variation in tap water consumption over time and across individuals and compare the questionnaire data with the water diary data to evaluate the consistency between methods of data collection.
Materials and Methods
Subject selection. From October 1994 to January 1995, potentially eligible participants were identified by reviewing the medical records of the Obstetrics and Gynecology Clinic of the University of North Carolina Hospitals, Chapel Hill, North Carolina. Initially, the study was restricted to women who were no more than 14 weeks pregnant at the time of medical record review, had at least 10 years of schooling, lived with their male partners, and resided within the service area of the local water utility (the Orange Water and Sewer Authority). To obtain a sufficient number of participants, the inclusion criteria were expanded in December 1994 to include women who were up to 30 weeks pregnant and who lived outside the aforementioned service area.
Participants were initially contacted by mail; if they did not refuse to participate at that time, the interviewer called to recruit them for the study and arrange a time for a home interview. Both the woman and her partner were asked to participate. Out of 79 couples initially identified during the medical record review, 71 (90%) actually met the eligibility criteria. Of these, 19 declined by mail (27%), 16 declined by phone (23%), and 36 were interviewed (51% of those eligible). Informed consent was obtained from all interviewed participants. Of those 36 couples who were interviewed, 33 couples and one woman (but not her partner) completed the 3-day water diary. Only those who completed both the interview and water diary were included in the analysis.
Interview and water diary. During the interview, participants provided information about daily water consumption and weekly consumption of cold water-based beverages that had been prepared in the home during the previous 3 months. Questions (3) were made: milk, juices (except reconstituted frozen fruit juices), alcoholic beverages, and soft drinks were assumed to be made from botded water; water, powdered drinks, coffee, and tea were assumed to be made from unfiltered tap water (3) . Information on selected missing beverage volumes and locations (comprising 0.3% of all beverage entries) was imputed using information from adjacent diary record entries. Where beverage temperature was missing, beverages were assumed to be cold, except for coffee and tea, which were assumed to be hot. All iced tea beverages were considered to be hot beverages because it was assumed that they were heated during preparation, although no differentiation was made between instant and brewed tea.
Statsitical methods. For each day of the water diary, the total volume of 1) all beverages (hereafter referred to as total water), 2) drinking water and beverages made with tap water (hereafter referred to as tap water), and 3) cold drinking water and tap water beverages consumed at home (hereafter referred to as cold tap water consumed at home) were calculated and averaged over the participant's 3 days of water records. Consumption of each beverage type for female and male participants was summarized by calculating the mean and standard deviation (SD), along with selected percentiles, of the overall distribution. For female participants, the distribution of daily intake of cold tap water consumed at home was also stratified by employment status. Male participants were not stratified by employment status because nearly all (85%) male participants were employed full time.
Because location of consumption (home or other location), temperature of beverage, and type of cold beverage (drinking water or tap water-based beverage) are potentially important determinants of tap water exposure, tap water consumption was stratified by these factors. Means of total water, tap water, and cold tap water consumption were compared across sex and employment status (full time, not full time) using analysis of variance. Of those female participants who consumed tap water at home, the percentage of participants who stored any tap water beverage, the average number of days stored for each beverage type, and the percentage of containers that were dosed were analyzed separately for drinking water and tap waterbased beverages.
The frequency and duration of showers and baths were determined, as well as the frequency of nonventilated showers in winter and summer. A nonventilated shower was defined as a shower where the bathroom door and window (if present) were closed and the ventilation fan (ifpresent) was off.
The pattern of variation over time (i.e., from one day to the next) and across individuals was examined using the 3-day diary information on daily consumption of unfiltered cold drinking water (iced tea excluded). By employing a one-way randomeffects analysis of variance model, these (natural log-transformed) data were used to estimate the between-person and withinperson components of variance (because some participants reported no daily consumption of drinking water, 1 was added to each value before logarithms were computed). Variance components were estimated separately for male and female participants and for female participants employed full time or employed part-time or less. The intraclass correlation coefficient (ICC), defined as the percent of total variance due to the between-person variance component, was estimated as well. Because of the inherent bias of this formula, the results using this formula were confirmed using an unbiased but more intricate ICC formula (4) .
To compare the questionnaire data with 
Results
Participant characteristics. Thirty-four pregnant women and 33 of their male partners completed both the water diary and the interview. Overall, they tended to be highly educated nonsmokers in their twenties or thirties and having their first child (Table 1) . Three-fourths of the participants were white, with the remainder split evenly between African-American and Asian ethnicities. Although the women's gestational ages ranged from 12 to 37 weeks, most (59%) were in their second trimester of pregnancy. Men were much more likely to be employed than women, though they were equally likely to be students. About half of the participants consumed tap water at home on a regular basis, and the majority (82%) was served by treated water supplies. Daily water consumption. Consumption of total water, tap water, and cold tap water at home (Table 2) as reported by the questionnaire indicates that participants consumed on average close to the National Academy of Sciences' standard assumed intake of 2 liters water/day (6), but less than 20% was cold tap water at home. Overall, men and pregnant women had similar water consumption habits, and only cold tap water consumption at home differed by employment status. Table 3 shows mean daily tap water consumption by location, temperature, and beverage type (drinking water or tap waterbased beverage) as reported by the questionnaire. Women employed part-time or less consumed the most tap water overall, but total consumption levels among sex and employment groups did not vary significantly (p>0.10). Women employed parttime or less averaged the most tap water consumption at home (due to consuming more drinking water), whereas outside the drinking water intake ( Table 5 ). The Pearson's and Spearman's correlation coefficients ranged from 0.52 to 0.78, which are fairly large for exposures assessed in epidemiologic studies (7) but they do indicate some discrepancies between data collection methods. On average, greater beverage consumption and shower duration values, but smaller bathing duration values, were obtained from the interview relative to the diary. However, in each case, the difference between the two estimates was small.
Discussion
Qestionnaire and diary assessment methods.
In this study we applied two data collection tools: the questionnaire, intended to report exposures averaged over time, and the prospective water diary, designed to reflect current day-to-day exposure. Questionnaires suffer from potential errors in recall and the inability to report finely detailed information. The quality of data gathered from diary methods depends on the extent to which each participant is willing to measure and record current habits and the representativeness of the days for which the diary is completed (8) .
Conducting an interview is logistically preferable to completing diaries because data collection is less burdensome and provides data on exposures averaged over time. As demonstrated in this study, the interview provided essentially the same information as the prospective water diary. Overall mean differences between assessment methods for 'rwenty-five participants were not included in this analysis because they were not asked about the volume of their water glasses.
bSeven participants had missing values. cAnalyses compared individual results obtained from the frequency questionnaire to 3-day averages computed from diary entries.
dDifferences were first computed for each participant and then averaged over the study population.
consumption of drinking water (0.35 1/day), showering (0.7 min/day), and bathing (1.2 min/day) are negligible, and the interview and mean diary record intakes correlate reasonably well. While the 3-day water diary is not necessarily the gold standard, it appears that individuals have the ability to estimate with a fair amount of precision their own true mean values for water intake and for time spent on water-related activities, at least over relatively short periods in the recent past. However, the frequency questionnaire may not perform as well if used to estimate consumption patterns from a more temporally remote time period.
Other limitations of our data for assessing the reliability between diary and questionnaire records were that the questionnaire focused only on home consumption of cold tap water and that the respondents averaged intake levels over working and nonworking days, when consumption habits are expected to differ. Furthermore, the diary did not provide enough information to evaluate effects of weekday or consecutive days. Finally, no direct validation of reported beverage volume, water type, or shower or bathing duration was done for either data collection method.
Our study sample came from an educated and health-conscious population because only women who received prenatal care, who had at least a high-school education, and who volunteered to participate were included in the study. Their water consumption habits differ from the general population because they can probably afford alternatives to tap water and may tend to switch from tap water to bottled or filtered water in order to protect their fetus' health. The percentage of individuals who reported bottled or filtered water as the principal type of water consumed at home was higher for women (39%) than for men (30%). Our results are somewhat higher than another study, which reported that 17% of healthy postpartum women consumed mainly bottled water during the first 3 months of their pregnancy (9) . On the other hand, an advantage of this educated convenience sample is that they should be more compliant about completing and returning the water diary than a random sample of the general population would be. Consequently, data quality and correlations between the diary and questionnaire may be less favorable in other populations.
Daily water consumption. The distribution of daily consumption of total water, tap water, and cold tap water consumed at home is relevant to a wide range of health concerns with drinking water, including waterborne exposure to agents such as fluoride, arsenic, toxic metals, and pesticides, and microbial pathogens such as hepatitis A, cryptosporidia, and Norwalk virus. It is also useful for developing a standard intake distribution so that an individual's water intake level can be compared to others of the same sex and age (3) .
On average, we found that pregnant women and their male partners had similar water consumption intake and that more cold than hot beverages were consumed. Although minor differences in consumption by sex were noted, bigger differences were observed by extent of employment (full time vs. not full time). These data indicate that employment status had a greater influence than sex in shaping individual water consumption habits. It may be that sex was largely a surrogate for working status in another study in which all the men and none of the women were employed outside the home (JO).
Although the majority (67%) of all tap water beverages consumed by pregnant women was consumed at home, a significant amount (33%) was consumed either at work, a restaurant, or at a friend's or relative's house. Therefore, exposure assessment studies that only take into account water consumption at home or that only take into account levels of tap water contaminants at the residences of study participants would be disregarding approximately one-third of their participants' total exposure due to tap water consumption.
To our knowledge, the only other study of tap water and total water consumption in pregnant women relied on data from the U.S. Department of Agriculture's 1977-1978 Nationwide Food Consumption Survey (11) . While our results are slightly higher for total water consumption (1.9 I/day vs. 1.6 I/day), we observed lower tap water intake levels than those reported previously (0.78 I/day vs. 1.1 I/day). The small sample size in our study makes it difficult to make any definitive statements; however, this difference may reflect a decline in tap water consumption because the current U.S. population is drinking more bottled and canned beverages than ever before (12) .
A substantial proportion of the variation in consumption levels was due to differences between individuals for women working part-time or less (ICC = 0.81), but less so for full-time employed women Temperature and storage time can affect the type of tap water exposure, especially for volatile tap water contaminants such as trihalomethanes (THMs). For instance, cold drinking water tends to have the highest concentration of THMs because it is usually consumed straight from the tap, and if it is stored, it is stored briefly (average of 1.4 days). Relative to initial tap water levels, hot beverages will have lower THM levels because of volatilization by heating as will cold beverages stored for extended periods in open containers. We found that all cold beverages prepared at home with tap water were stored for at least 1 day, and most were stored for longer periods (average of 5.1 days) before consumption, thereby permitting equilibrium between the air and water. However, because most of the storage containers were closed (which limits the amount of THM that escapes into the household air), such beverages would still represent a potential source of THM exposure (P. Singer, personal communication). Nonvolatile chlorination by-products and other water contaminants would, of course, remain in the water and be ingested regardless of temperature or storage conditions. Showering and bathing have been found to be significant sources of THM exposure (2) although the importance of these exposure routes to other water contaminants are not well defined. We found that most people take showers daily and that their showers last an average (± 1 SD) of 10 ± 5 min, so that dermal and inhalation exposure from this activity is substantial on a population level. Although bathing is not a daily activity for the general population, it can represent a significant source of exposure among persons who bathe regularly. Because nearly one-fifth of the women in our study bathed at least daily and an additional 21% bathed occasionally, exposure through this activity should not be ignored, particularly among pregnant women.
Conclusion
Studies of the potential health problems associated with tap water have been limited by crude estimates of tap water exposure. The incorporation of a comprehensive assessment of behaviors related to consumption and other uses of water, coupled with improved estimates of levels of tap water contaminants in drinking water, should enhance our ability to evaluate associations between water contaminants and the potential for associated health risks.
